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The formation of ova or analogous cells in the testis of animals in which the sexes are distinct has been observed from time to time in various invertebrates and vertebrates.
These so-called testis-ova represent abnormally differentiated male sexual cells which must have acted upon their bipotentiality in the manner of germ cells of organisms in which reversal of the direction of differentiation of these cells is a common phenomenon. The present paper purposes to turn further attention to testis-ova as they are revealed in animals of the first type.
Past instances of the kind of testis-ova under consideration have been for the most part those that were encountered purely by chance, and only in certain amphibians have they been reported in relatively large numbers in the regenerating tissue of grafted testes. Recently in our laboratory such .testis-ova have been met with frequently under similar circumstances in fish, especially in cases where the grafting had been heterosexual, viz., grafting in spayed females, and where the transplant had undergone considerable degeneration. As yet, it remains a question whether their development is simply the effect of the opposite nature of the host's sex or it is the result of transplantation itself.
It is the ultimate intention of the present writer to test both alternatives by experiment, but at this time the problem was confined to the former alone. Toward this end the most obvious line of investigation seemed to be the influence of sexual hormones. A previous study of their action on the secondary sexual characters of Oryzias latipes, the testicular hormone having been introduced either through the transplantation of the testis or through the administration of androgenic substances and the ovarian hormone through the administration of oestrogenic substances, had shown the directly contrasting behavior of the two. The former readily brought about 'the masculinization of the secondary sexual characters, while it had no effect whatever upon the gonad, the experimental fish continuing to lay eggs in spite of its having been otherwise masculinized. The latter, on the contrary, while producing no visible change in the secondary sexual characteristics, caused marked degeneration of the gonad, which very often was accompanied by the appearance of ova (Okada and Yamashita)1' Since, however, these cases were incidental findings in an experiment undertaken for a different purpose, the various conditions that might have led to their formation had not been sufficiently controlled. For this reason, the experiment of administering oestrogenic Y. K, OKADA.
[Vol. 19, substances to male fish was repeated, the hormones used being oestriole extracted from mare pregnancy urine and stirben made synthetically. A very small crystal of one or the other was imbedded subcutaneously in each experimental fish. The first treatment on December 28, 194'2, was followed by fixation of several specimens on January 12, 1943. Despite the lapse of two weeks none of the testes examined had been affected, so a second dose was given to the remaining fish on January 19th.
Examination of specimens fixed on two separate occasions, on January 25th and on February 3rd, again failed to reveal anything but normal testes ( fig. 2 ). That even five weeks alter the beginning of treatment no change worthy of men Lion was to be observed in the testes was a fact highly inconsistent with past experience, wherein positive results had been obtained within three to four weeks.
By reason of the author's belief that the negative results were due not to the particular hormones employed, but to the prevailing atmospheric temperature (approximately 10°C), viz., the temperature of the water in which the fish were kept, from February 12th the breeding tanks were placed in a chamber maintained at 22°C. The specimens fixed one month afterward on March 13th proved that mere elevation of the temperature to a certain point without the aid of an additional application of the hormone was sufficient to produce testis-ova in 70 per cent of the fixed specimens, regardless of whether they had been treated with oestriole or with stirben." The testes of these specimens exhibited not the slightest trace of degeneration, and the testis-ova were concentrated mainly at the base of the radially arranged seminiferous tubules.
Thus, in section, the periphery of the testis was occupied by the testis-ova ( fig. 1) , the adjoining region by ells which had retained the form of spermatogonia notwithstanding a greater or less enlargement, and the center by spermatocytes and spermatids. can the 1) In the author's opinion the absence of testis-ova be attributed to faulty implantation of the hormone reaction of the specimens to the hormone. in the rather remaining 30 per cent than to differences in No. 8.] Production of Testis-Ova in Oryzias latipes by Oestrogenic Substances. 503
Just the position of the testis-ova is indubitable evidence of their development from the most immature portion of the seminiferous tubules, while consideration of their number and arrangement as well can point only to their evolvement from very young secondary spermatogonia.
It may be stated further that the transition to oocyte development, which was achieved most readily by very young spermatogonia, became increasingly difficult as the gonia matured through repeated divisions, until it was impossible for cells that had reached the spermatocyte stage ( figs. 3, 4) . At any rate, the transformation of spermatogonia to oocytes under the influence of oestrogenic substances was a regular occurrence. It cannot be said, however, that the reaction to stirben and to oestriole Fig. 3 . Portion of testis of specimen treated twice with stirben and kept at 22°C for a month.
x 270. Fig. 4 . Portion of testis of specimen treated twice with oestriole and kept at 22°C for a month.
x 270. Fig. 5 . Testis-ovum, believed to represent' the maximum size attained five months after administration of stirben.
x 270. Fig. 6 . Testis-ova in proces of degeneration, five months alter administration of oestriole.
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[Vol. 19, was exactly alike, for the testis-ova produced by the former were, as a whole, smaller and fewer, and more scattered throughout the seminiferous tubules ( fig. 3 ) in other words, stirben was less effective than oestriole. The testis-ova formed in this way were to all appearances not different from 'those found in nature by Oka (1931) ." Those that were comparatively well developed possessed the large germinal vesicles with numerous scattered nucleoli-typical of developing eggs, as well as the cytoplasm abundantly supplied with pallial substance that was stained a deep blue by hematoxylin ( fig. 5 ). At the same time, they lacked a follicle and failed to deposit yolk in the cytoplasm even at the height of their development (figs. 5, 6) . It may here be mentioned that several instances were noticed of presumably well developed testis-ova surrounded by a sheath of connective tissue cells, which gave the impression of a follicle ( fig. 5 ). It is difficult to say whether the former actually formed to perform the function of the latter, or in accordance with the usual behavior of. connective tissue cells toward foreign matter, it appeared about the testis-ova, because the latter were degenerating.
As to the fate of these testis-ova and of the testes in which they were produced, specimens fixed on June 15th, five months after the second treatment, showed testes restored almost to normal excepting two or three cases with a few surviving testis-ova. In fact, although the surviving testis-ova were still very large, their nucleus was no longer that of normal oocytes. In some cases the abnormality had reached such a state that the chromatic substance, massed in a single clump, was about to be ejec Led from the nucleus (fig. 6 ). The cytoplasm as a rule had lost some of its affinity for hematoxylin and on occasion had even given rise to vacuoles. On the basis of such observations the logical conclusion is that these testis-ova eventually disappear through complete degeneration. In addition it may be mentioned that the largest of the remaining testis-ova measured 0.09 mm in diameter and contained a nucleus with a diameter of' 0.06 mm. A normal oocyte of similar proportions (cellular diameter, 0.1 mm ; nuclear diameter, 0.06 mm) would be at the stage immediately preceding the deposition of yolk. 1) Jour. Fac. Sci., Imp. Univ., Tokyo 1V, 219.
